This paper analyses the short-and long-term relationships between hedge funds and traditional financial assets for the main emerging market regions of Asia, Latin America, and Eastern Europe by using multivariate cointegration analysis. Because cointegrated assets are tied together over the long term, a portfolio consisting of these assets lowers uncertainty and should therefore be preferred by risk-averse investors. In addition, long-term (passive) investors can benefit from the knowledge of cointegrating relationships, while the built-in error correction mechanism allows active asset managers to anticipate short-term price movements. To detect the short-and long-term dynamics between these asset categories, we specify a vector error correction model (VECM). In a Granger causality sense, only in Asia do we see a long-term causal relationship that runs from hedge funds and stocks to bonds. In Latin America, traditional asset markets influence hedge fund prices over the long term. In contrast, in Eastern Europe price series are strongly endogenous, which is suggested by bidirectional short-and long-term causality. Moreover, these results are supported by variance decomposition (VDC). As to whether diversification benefits arise from adding emerging markets hedge funds to an emerging markets bond/equity portfolio, it is obvious that the advantages are significantly less for Eastern Europe than for the other emerging market regions.
Introduction
The last decade has seen tremendous growth in hedge funds and emerging market investments, which has been driven particularly by international investors. These alternative investment asset classes offer diversification benefits, both within conventional stock and bond portfolios and as stand-alone investments. Hedge funds are usually characterized by investment strategies, such as global macro, market neutral, long-short, and short selling.
Emerging markets may constitute capital markets in developing countries (countries or regions in early stages of economic development that are expected to grow rapidly and "emerge" from their less-developed states) (Bekaert and Harvey, 2002) .
Financial development in emerging markets is thus a reflection of the pace of economic expansion (Kuczynski, 1994, p. 10) . Hedge funds in developed markets typically try to either 1) take advantage of temporarily incorrect valuations between different financial instruments, or 2) capture alternative risk premia. But the strategies of emerging market hedge funds are dominated by equity and, to a lesser extent, by debt investments. They therefore exhibit a high beta relative to traditional emerging market investments.
However, the risk and return profiles of emerging market hedge funds can vary significantly from traditional emerging market investments, because hedge funds may use leverage, short selling, and derivative instruments to hedge against market risk.
Consequently, this combination of specific hedge fund strategies on the one hand, and the emerging capital markets with their somewhat low liquidity, high market inefficiency, and tremendous mispricing on the other, can make emerging market hedge funds an attractive stand-alone investment or portfolio ingredient.
We define emerging market hedge funds as those investing predominantly in the capital markets of developing countries (however, they are not necessarily domiciled or located in these regions). They can invest in equities and/or debt (sovereign and corporate), and generally have either a regional focus, or invest across countries/regions and therefore follow a broader or more global theme.
Regional emerging market hedge funds have generally focused on Asia and Latin America, as well as Eastern Europe in recent years. According to HFR (2007) , 423 hedge funds can be classified as emerging market hedge funds, and they had U.S. $62.57 billion in assets under management at year-end 2006.
Emerging market hedge fund managers often have specialized knowledge about their markets, and they tend to maintain relationships with private and public institutions in these countries. They may also maintain some type of local presence there as well, such as a research office. In fact, for the January 2000-December 2003 time period, Teo (2006) has demonstrated empirically that emerging market hedge funds with a physical presence in the investment region outperform those without one by 5.28% p.a.
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Investing in emerging markets has historically provided high returns, high risks, and low correlations with financial markets of industrialized countries, because emerging markets are characterized by highly volatile growth rates, high inflation, as well as high dependence on the quality and functionality of the political system. Investors in emerging markets must be comfortable with some degree of unpredictability and uncontrollability. They may be confronted with things such as political instability, corruption, and scandals. In addition, emerging market hedge funds primarily follow a buy-and-hold strategy. This means efficient hedging strategies can be used to only a lesser extent in these markets because of the lack of 1 See also Orhan and Tekten (2006) , who analyze 313 emerging market hedge funds and conclude that hedge funds in developing countries achieve two times the average monthly return of global hedge funds.
Furthermore, Koh et al. (2003) effective instruments and the difficulty in building short positions.
2 Another problem emerging market investors often face is low market liquidity, and even capital restrictions.
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This paper uses the arguments of Fung and Hsieh (2004) , which state there is little difference between emerging market mutual funds and emerging market hedge funds, to investigate whether hedge funds differ statistically from more traditional emerging market investments. We examine the feasibility of using emerging market hedge funds to diversify traditional emerging market portfolios. More precisely, we investigate the long-and shortterm relationships between hedge funds and traditional financial assets for Asia, Latin
America, and Eastern Europe, using multivariate cointegration analysis and vector error correction models (VECM).
Several studies have investigated the long-and short-term dynamics between hedge funds and financial assets such as stocks and bonds for developed countries. But to our knowledge no empirical study has focused on emerging markets. 4 For example, Gregoriou and Rouah (2001) examined common stochastic trends between the ten largest hedge funds 2 According to Odonnat and Rahmouni (2006) , between 20% and 50% of emerging market hedge funds use leverage.
3 Due to their low market liquidity and the fact that they do tend to invest in these markets (albeit alongside institutional investors, mutual funds, and the proprietary trading desks of investment banks), hedge funds are often blamed for emerging market financial crises. In this context, Fung and Hsieh (2000) analysed hedge fund exposure during several major market events. They found that hedge funds were sometimes in a position to exert substantial market impact (e.g., the ERM Crisis in 1992 and the European bond market rally in 1993 and subsequent decline in 1994). However, at other times, they were not (the stock market crash in 1987, the Mexican peso crisis in 1994, and the Asian currency crisis in 1997).
4 There is also a strand of studies in the literature focusing on stock market links between emerging markets and their regional areas. For example, Pan et al. (1999) used a multivariate cointegration approach and found no evidence of common stochastic trends in the equity markets of Australia, Hong Kong, Japan, Malaysia, or Singapore. Garret and Spyrou (1999) investigated the existence of common trends in Latin
American and Asian-Pacific equity markets. They noted some common trends, but did not rule out the possibility of long-term diversification benefits, because some countries were not part of the region's common trend. For more studies on the interdependence of emerging markets, especially in Asia and Latin America, see Hung and Cheung (1995) , Chaudhuri (1997), and Chen et al. (2002) .
of different styles and the equity market indices of the S&P 500, the MSCI World, the Russell 2000, and the Nasdaq from January 1991 through December 2000. They found evidence of cointegration with the stock market indices for only two hedge funds. Gregoriou and Rouah [2001] argue that large hedge funds tend to allocate assets over a wide range of investment instruments, such as currencies, futures, options, swaps, and other derivatives.
Therefore, their performance will not be as strongly correlated to standard benchmarks. Füss and Herrmann (2005) study long-term interdependence between hedge fund strategies and the stock market indices of France, Germany, Japan, North America, and the U.K. from January 1994 through December 2003. They find no evidence of common stochastic trends, except for a weak long-term interrelationship between hedge fund strategies and the U.S. stock market.
Both Gregoriou and Rouah (2001) and Füss and Herrmann (2005) use the Engle and Granger (1987) two-step cointegration approach, which is considered weaker than the multivariate Johansen approach. The results of the Johansen test are not dependent on the normalization selected (Hamilton, 1994) . The Dickey-Fuller (DF) test, in comparison, is numerically dependent upon the precise formulation of the cointegrating regression.
5 Füss et al. (2006) test for the presence of cointegration between hedge funds and traditional and alternative financial assets using multivariate cointegration analysis. Their empirical results suggest that, for a traditional portfolio, the hedge fund composite index not only enters the cointegrating vector, but the returns also react to the common trend. Thus, risk-averse investors with long-term investment horizons do not increase risk by including hedge funds.
5 Dickey et al. (1991) argue that the results of the Engle-Granger cointegration approach may not be consistent because it is sensitive to the choice of dependent variable. Thus, Johansen's multivariate cointegration test is more robust.
On the other hand, for a portfolio consisting only of alternative assets, Füss et al. (2006) find that hedge funds share a common trend with Nasdaq-listed companies, small-cap stocks, and real estate equities. However, only hedge fund and emerging equity returns react significantly to the common trend. The authors conclude that investors in both traditional and alternative portfolios can benefit from risk diversification.
The remainder of the paper is structured as follows: The next section presents the data and econometric methodology. We describe the construction procedure and the desmoothing practice of the emerging markets hedge funds indices, and we present the assets' descriptive statistics. Section 3 gives the empirical results from the Johansen cointegration test and the VECM, and discusses our findings. The final section summarizes and offers concluding remarks.
Data and Methodology

Constructing Emerging Markets Hedge Fund Indices
To create our indices, we began with a sample of 404 emerging market hedge funds derived from two principal public hedge fund databases: the Absolute Return database of Hedge Fund Intelligence, and the Eurekahedge database. We removed duplicate funds and share classes not denominated in U.S. dollars. The results are 1) the global index (containing all the hedge funds that cannot be classified by one region), and 2) the region-specific index (consisting of Asia, Eastern Europe, and Latin America).
As per Schneeweis et al. (2006) , hedge fund indices must contain at least five index components to be considered representative of the overall strategy. Therefore, we begin our index series when all four indices have at least five index components available. The number of index constituents varies over time, in accordance with other hedge fund index construction methodologies, and in contrast to traditional equity and fixed income indices (see Figure 1 ).
- Figure 1 Europe, hedge funds and stock market prices seem highly volatile.
- Figure 2 about here -
The smoothed data series in Figure 2 are the original time series. They are highly autocorrelated as a result of marking-to-market problems (Kat and Lu, 2005) . This autocorrelation bias leads to a gross underestimation of the expected volatility of these types of hedge funds. To obtain a better impression of the true data-generating process of the return series, we use Geltner's (1991 Geltner's ( , 1993 "desmoothing" technique. According to Kat and Lu (2005) and Geltner (1991 Geltner ( , 1993 , the observed (or smoothed) value * t V of a hedge fund index at time t can be expressed as the weighted average of both the true value at time t , t V , and the smoothed value at time
We can rewrite Equation (1) 
where t r and * t r are the true underlying (unobservable) return and the observed return at time t , respectively. It seems plausible to set α equal to either the autocorrelation coefficient at lag 1, or to the coefficient of an AR(1) process. This adjustment is done so that the newly constructed series t r has nearly the same mean as * t r , but with zero first-order autocorrelation (Geltner, 1991 (Geltner, , 1993 . Table 1 gives the descriptive statistics for the smoothed and unsmoothed hedge fund time series and for the regional stock and bond indices. Note that, after unsmoothing, the standard deviations increase significantly. We also see that higher autocorrelations found in the raw data (0.37 for Eastern Europe hedge funds; 0.40 for the hedge fund composite index) yield a higher increase in the standard deviations. The highest divergence between smoothed and unsmoothed price series is in Figure 2 for Eastern Europe, resulting in a standard deviation increase of more than 50%.
At the same time, we also note a change in the skewness and kurtosis of hedge fund returns. The skewness tends to decrease, while the kurtosis tends to increase, especially for the emerging market composite index. Hence, hedge fund investments become more risky with respect to moment-based risk parameters.
- Table 1 about hereMost of the indices we study increase continuously over our sample period. This implies high rates of return. Note first that the highest returns come from hedge funds with a Latin American investment focus and from Eastern European stock markets, with annualized average continuously compounded returns of approximately 19% and 18%, respectively. In addition, on a risk-adjusted return basis, hedge funds with a regional focus on Latin America significantly outperform the other regions. None of the indices exhibit negative returns, but Eastern European assets exhibit the highest volatility. Furthermore, the risk-adjusted returns of the traditional assets are close for all indices, except for J.P. Morgan EMBI Global Asia, which outperforms the others.
Almost all the asset classes exhibit asymmetric return patterns with negative skewness and positive excess kurtosis. The Jarque-Bera test shows to what degree returns deviate from a normal distribution. A high value suggests returns do not follow a normal distribution at the 1% significance level. The results again show substantial variation between asset classes, so using standard deviation as a single measure of risk may alter the actual performance (except for S&P/IFCI Asia, where returns are normally distributed). These results suggest that standard deviation is an incomplete measure of risk in a portfolio optimization context, and may lead to suboptimal asset allocation decisions.
Finding the optimal portfolio weights in a mean-variance analysis also requires return correlations between assets to be stable. 8 However, correlation analysis is valid only for stationary variables. Most financial data are made stationary by taking first differences, i.e., asset prices are integrated of order one, I(1). But valuable information can be lost in this process because detrending eliminates any possible common price trends.
Using correlation analysis as an indicator of dependence among random variables is also problematic, because only linear dependence is measured, and hedge funds are typically non-linear functions of traditional markets (Lhabitant, 2002) . However, emerging market hedge fund portfolios tend to be less complex, because trading strategies based on non-linear assets like options and interest rate derivatives are less common in developing capital markets.
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Furthermore, the results of correlation analysis are only meaningful if the multivariate distribution is elliptic (Embrechts et al., 1999 (Embrechts et al., , 2002 Kat, 2003) . However, as we mentioned above, most hedge fund and financial asset returns exhibit negative skewness and positive excess kurtosis, so the joint distribution is far from being elliptic. Also, if the distribution is not elliptic, the correlation does not exhaust the full interval [-1, +1], so it can be much smaller for certain distributions. This in turn can lead to invalid findings of very low dependence, even though the variables are perfectly correlated. The cointegration approach is again more suitable, because it works directly on asset prices rather than returns, and it does not require the assumption of stationarity of the asset value series.
- Table 2 about here - Table 2 shows the correlation matrix between the hedge fund time series and the stock and bond markets for the specified regions. Note that Asian hedge fund returns are more highly correlated with stock returns than with bond returns, while Eastern European hedge funds exhibit high comovements with both markets. Furthermore, global emerging market hedge fund returns are more highly correlated with stocks than with bonds. Interestingly, Eastern European hedge fund returns seem more highly correlated with Latin American than with Asian stock and bond markets. This holds also for Latin America hedge funds, which are correlated more highly with Eastern European markets.
Despite its problems, correlation and cointegration are related but distinct concepts.
High correlation does not imply high cointegration, however, and higher correlation is neither 9 Normally, such portfolios exhibit both non-normality fluctuations of the underlying assets and nonlinear functions in traditional assets.
necessary nor sufficient for higher cointegration between assets. In fact, cointegrated time series can actually have low correlations.
Testing for Unit Roots
Before applying the Johansen cointegration methodology, we need to test whether the time series are integrated of the same order, or whether each series requires the same degree of differencing to achieve stationarity. As discussed in Engle and Granger (1987) , a series is said to be integrated of order d, I(d) , if the d times differenced series has a stationary invertible ARMA representation.
Tests of stationarity are often characterized as unit roots. If the hedge funds and financial market indices data exhibit a unit root, they are considered integrated, I(1). If asset returns exhibit a random walk, temporary shocks in the returns will persist over time and will not disappear by reverting to the mean. However, such behaviour inevitably affects the timing of portfolio rebalancing (Gregoriou and Rouah, 2001 ).
- Table 3 about here - Table 3 reports the results of the augmented Dickey-Fuller (ADF) tests Fuller, 1979, 1981; Said and Dickey, 1984) . We find strong evidence that all time series in the levels are non-stationary, as suggested by the small ADF statistics (except for the Asian and Eastern European regional hedge fund indices). However, cointegration analysis requires the variables to be stationary, of the same order, and significant at the 1% level. Hence, when we use first differences, the null hypothesis is rejected at the 1% level for all asset classes, except for the JPM EMBI Global Composite index.
Note also that a constant term or drift parameter is present in all hedge fund return series, as well as in the S&P/IFCI Eastern Europe, the JPM EMBI Global Asia, and the JPM EMBI Global Latin America indices. The constant term for the series reflects fluctuations around a mean, which, especially for the hedge fund indices, may come from overestimating returns due to selection and survivorship bias. We conclude that all financial series are nonstationary in levels and stationary in returns. This means all indices are integrated of order one, I(1), a necessary condition in testing for cointegration.
Although the hedge fund indices and financial asset prices follow a random walk, we next investigate the level of independence of the random walk components. In other words, cointegration exists when there is a mean reversion in the price spread between the regional emerging market hedge fund indices and the traditional stock and bond asset categories.
Empirical Results
Multivariate Cointegration Analysis
We test for the presence of common stochastic trends to evaluate whether hedge funds provide long-term diversification benefits for traditional emerging market portfolios. In the context of portfolio theory, this means that if the value of a fixed weight portfolio of assets with non-stationary prices is stationary, the assets will form a cointegrated set. The set of asset weights within such a portfolio is called the cointegrating vector. Thus, cointegration implies that some long-term equilibrium relationship tying the time series together, despite the fact that short-term departures from equilibrium may also exist.
The concept of cointegration was first introduced by Granger (1983) and Engle and Granger (1987) . The Johansen methodology, a maximum likelihood estimation of a fully specified error correction model, allows us to test for the presence of more than one cointegration vector. The n -dimensional cointegrated VAR( k ) model in the vector equilibrium correction (VEC) form is as follows (see Johansen and Juselius, 1990 , Johansen, 1988 :
where μ is an
Π is the n n × long-term impact matrix, and t ε is an 1 × n iid Gaussian error vector (Maddala and Kim, 1998 ).
When cointegration is present, we can decompose the long-term response matrix into
, where α and β are In the context of portfolio optimization, cointegrated assets (
mean-variance analysis still applies, but with influences on the conditional moments, which generate a shift in the mean-variance frontier. Thus, the relevance of cointegration for asset allocation depends on investment holding period, portfolio rebalancing frequency, and investor risk appetite.
For strategic asset allocation with a static (no-rebalancing) long-term investment style, portfolio construction follows weights corresponding to cointegrating vectors in
The lower long-term volatility of such portfolios makes them particularly attractive for highly risk-averse investors. On the other hand, portfolio managers using tactical asset allocation can anticipate temporary deviations from long-term equilibrium, and can effectively rebalance the portfolio using matrix α (see Bossaerts, 1988; Lucas, 1997, Füss and Kaiser, 2007) .
We can use two likelihood ratio test statistics, the trace statistic and the maximum eigenvalue test, to test cointegrating vectors. The trace statistic is the result of testing the restriction r ≤ q (q < n) against the completely unrestricted model r ≤ n.
where T is the sample size and
are the r n − smallest squared canonical correlations. The λ max is found by again testing the null hypothesis of at most q cointegrating vectors against the alternative of one additional cointegrating vector (i.e., r ≤ q + 1):
where
are the largest squared canonical correlations.
The model we choose for the trace and maximum eigenvalue tests has no deterministic trend. But it does have a restricted constant in the cointegration vectors, which agrees with the results of the unit root tests in Table 3. - Table 4 about hereThe order of the unrestricted VAR models is determined by the Akaike and the final prediction error (see Lütkepohl, 1991) . Both information criteria indicate a VAR model of order four for Asia, one for Latin America, seven for Eastern Europe, and two for the emerging markets composite. Hence, the vector error correction model (VECM) involves 3 1 = − k terms in differences for Asian, zero for the Latin American, six for Eastern European, and one for the emerging market composite sample. inverse relationship with the stock market, and a strong long-term impact on the bond market.
In Eastern Europe, the overall impact of hedge funds on stock markets also seems positive; in Latin America and the overall emerging market universe, we observe an inverse conventional asset series do not enter the common stochastic trend. Furthermore, as we discussed earlier, the relevance of diversification benefits depends on the speed of adjustment toward the common trend (Kasa, 1992) . Thus, if returns do not react significantly to common trends, their existence will only slightly affect diversification benefits.
- Table 5 about here - Table 5 gives the results from the tests of restrictions on the composition of the cointegrating vector present in each sample, and the tests of restrictions on the reaction of asset returns to the common trend. The results for Asia reveal that stocks and bonds do not share a common trend with hedge funds. This result stems from the low significance level and the fact that only the bond index enters in and adjusts to the relevant cointegrating vector.
This implies that Asian market investors can benefit by adding hedge funds to a conservative equity/bond portfolio.
In the Latin American portfolio, hedge funds share a common trend with bonds, and the short-term adjustment is merely a result of the former time series. For tactical asset allocation particularly, such a portfolio would have higher long-term volatility and would not be suitable for risk-averse investors.
In contrast, in the Eastern European portfolio, hedge funds share a common trend with conservative assets. Furthermore, all three time series react to this common trend, and bonds exhibit highly significant adjustment. This implies that risk-averse investors can lower their long-term volatility by investing according to the cointegrating vector, and active managers can benefit from the knowledge of short-term asset price movements.
However, the diversification benefits in the Eastern European region are quite limited.
Results from the entire emerging markets universe reveal that stocks do not share a common trend with the remaining asset prices, and do not adjust to this cointegrating vector. This implies that risk-averse investors with long-term investment horizons can lower their level of risk even with hedge funds in their portfolio. For tactical asset allocation, however, stocks would provide better short-term diversification benefits.
VEC Granger Causality
According to Engle and Granger (1987) , if I(1) variables are cointegrated, a corresponding error correction model exists in which the short-term dynamics of the variables in this system are influenced by the deviation from long-term equilibrium. In a VECM, shortterm causal effects are indicated by changes in other differenced explanatory variables (i.e., the lagged dynamic terms in equation 3). The long-term relationship is implied by the level of disequilibrium in the cointegration relationship, i.e., the lagged error correction term (ECT).
Thus, in the cointegration model, the proposition of " k X not Granger-causing l X " in the long term is equivalent to 0 = kl α . l X is said to be weakly exogenous for parameter β , i.e., l X does not react to equilibrium errors.
In addition, the proposition " k X do not Granger-cause l X " in the short term is
, where ( L ) is the lag operator. In this context, the VECM is useful for detecting short-and long-term Granger causality tests (Granger, 1969) , as well as for uncovering the price relationships among the three assets within the different regions.
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The VECM for the different regions corresponds to equation 3 and can be formulated as follows: 11 Granger causality from one variable to another means that the conditional forecast for the latter can be significantly improved by adding lagged variables of the former to the information set. If the series are stationary, the null hypothesis of no Granger causality can be tested by using standard Wald tests (e.g., Lütkepohl, 1991) . On the other hand, long-term causality is implied by the significance of the t -test(s) of the lagged ECT(s), i.e., by testing 0 = γ . However, the VECM indicates econometric exogeneity of the variables if both the t -test(s) and the 2 χ -tests are insignificant.
- Table 6 about here - Table 6 gives the Granger causality and block exogeneity test results. For the Asian region, only the ECT t -test is statistically significant at the 1% level. This result suggests that all asset prices can be considered exogenous to the system in the short term, because the asset price series do not Granger-cause each other. However, hedge funds and stocks do Grangercause bond prices in the long term. This result confirms our analysis in the previous section.
One possible reason for the Asian results is that Asian stock markets are highly developed in terms of liquidity and market capitalization. This may make it difficult to detect any long-term causality with hedge funds. Asian bond markets, on the other hand, are more likely to be underdeveloped, so bond markets may have a dependence on Asian hedge funds.
For the Latin American region, none of the short-term asset price fluctuations seem to explain movements in the other market segment. However, over the long term, the lagged ECT is highly significant in the equation for hedge funds. Economically speaking, this implies that when deviations from the equilibrium cointegrating relationship occur (as measured by the error correction term), hedge fund prices will adjust to clear this disequilibrium. This result again confirms our previous findings from the Johansen test, and suggests that Latin American hedge funds are influenced by stock and bond markets since both are well-developed in the main countries of this region.
For the Eastern European region, the results seem quite different, i.e., price series are strongly endogenous. Over the short term, fluctuations in hedge fund and bond prices impact the stock market, while we note the existence of bidirectional causality between hedge funds and bonds. The last column in Table 6 shows the long-term relationships among the different asset categories, where all three index series act to clear price disequilibrium. Moreover, we can conclude that hedge funds and bonds Granger-cause stocks in both the short and long term. We also note the presence of long-term bidirectional Granger causality among all asset categories.
It is obvious that the diversification benefits from adding emerging market hedge funds to an emerging markets bond/equity portfolio are considerably less for Eastern Europe than for the other regions. For the entire emerging market universe, the results of the VEC Granger causality tests suggest that only long-term causality channels exist. Both stocks and bonds have an impact on hedge funds to some extent, i.e., hedge fund prices can be predicted by other asset categories. In other words, we see that hedge funds and bonds adjust endogenously in different proportions to bring the system back to long-term equilibrium.
Furthermore, hedge funds and bonds do have a feedback relationship over the long term. We also note a unidirectional causality from stocks to bonds, i.e. bond market effects were caused by stock market effects. Thus, stocks again lead hedge funds and bonds.
Finally, Figure 3 qualitatively summarizes the findings of the Granger causality tests.
- Figure 3 about here -
Variance Decompositions (VDC)
We next need to obtain more insight into the structure of the asset market linkages.
We examine the variance decomposition of the three asset categories in order to obtain further evidence about the dynamic behaviour. The VDC breaks down the variance of the forecast error for each index series into components that can be attributed to each endogenous asset category. This enables us to determine the relative importance of each asset in generating fluctuations in other assets. Table 7 reports the decomposition of forecast error variance of each country, particularly the one-, four-, six-, and twelve-month-ahead forecast error variances. The order of variables in the VECM proceeds according to the normalized cointegrating vector.
However, we find nearly the same results when the order is changed.
- Table 7 about here -As Table 7 shows, hedge fund prices in Asia and Latin America are relatively exogenous compared to Eastern Europe. Over the long term, only 49% of the variance in Eastern European hedge fund prices is explained by its own shocks.
In contrast, Asian and Latin American hedge fund prices are more dependent on themselves than on traditional stock and bond markets. For the Asian region, neither a shock on the bond market nor a shock on the stock market tends to impact hedge fund prices, which is consistent with the previous Granger causality findings. In contrast, movements in the hedge fund index seem to explain 63% (45%) of forecast error variance in the Asian (Latin American) stock market.
For Latin America, bonds have a stronger influence on hedge funds than in Asia, and vice versa. Interestingly, the proportion of forecast error variance explained by innovations remains unchanged as the time horizon increases, except for the impact of Asian bonds on hedge funds and Latin American hedge funds on bonds.
For Eastern Europe, movements in hedge funds have a declining impact on stock and bond markets as time horizon increases. And hedge funds become increasingly affected by the stock markets, as shown by the increase in the percentage of stocks' forecast variance from 0% to 44%. Eastern European hedge funds become significantly interdependent with the stock market, which may be because the Russian market is so dominant and it is possible to hedge its market risk (e.g., through shorting index futures).
For the emerging market universe, a large proportion of the hedge fund index variance is again due to shocks originating in their own series (77%), and to a lesser extent from the bond market (19%). Table 7 also shows that hedge funds in emerging markets are influential in determining stock and bond prices, even over the long term. The results indicate that in emerging markets a large fraction of stock and bond variance is explained by hedge fund price movements, and these influences increase as the time horizon increases.
Concluding Remarks
This paper aims to analyse the dynamic linkages between hedge funds and traditional financial assets for the major emerging market regions. We question whether diversification benefits arise from adding emerging market hedge funds to emerging market portfolios consisting of stocks and bonds. To this end, we analyse short-and long-term relationships among the asset categories for Asia, Latin America, and Eastern Europe, using monthly data for the January 1998-May 2006 time period.
Starting from the observation that the regional time series exhibit at least one cointegration vector according to the Johansen test, our results suggest that emerging market hedge funds tend to have a positive (negative) long-term relationship with the emerging market stock (bond) market. On the other hand, Latin American hedge funds have an inverse relationship with the stock market, and strong long-term impact on the bond market.
Moreover, in Eastern Europe, the overall impact of hedge funds on stock markets also seems positive; in Latin America and the overall emerging markets universe, we observe an inverse (or negative) long-term relationship with stocks.
The positive relationships with the stock market and the negative and smaller coefficients for Asia and Eastern Europe, respectively, indicate that the bond markets in these regions are less developed than the more mature Latin American credit market. These findings have useful implications for the construction of portfolios that include financial assets and emerging market hedge funds. They may also provide an informative basis for developing models to forecast hedge fund prices in the different regions.
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By testing whether an asset enters in and adjusts to the relevant cointegrating vector, we can show that the largest risk reduction is achieved when Latin American hedge funds are added to a portfolio consisting of Latin American stocks and bonds. In contrast, we find that, in Eastern Europe, the asset types influence each other strongly, while Eastern European hedge funds and bonds adjust most strongly to long-term equilibrium.
To gain more insight into the price discovery process, i.e., the short-and long-term relationships among the asset categories, we use a vector error correction model (VECM).
The VECM detects short-term causal effects and long-term relationships implied by the level of disequilibrium in the cointegration relationship, i.e., the lagged error correction term (ECT). The VECM also detects exogeneity between asset types for all regions in the short term, except for Eastern Europe. In this region, short-term causality runs from hedge funds and bonds to stocks.
There is also a feedback relationship between hedge funds and the bond market, as well as long-term bidirectional Granger causality among all three Eastern European portfolio assets. This in turn suggests that the markets are not efficient, and that hedge fund prices can be forecasted by using the price information of the other assets. However, Asian hedge funds and stocks are found to Granger-cause bonds, while in Latin America long-term influences run from stocks and bonds to hedge funds.
These results are also confirmed by the VDC, which explicitly measures the degree of exogeneity or endogeneity. The variance of forecast errors of hedge fund prices in Asia, Latin America, and the emerging market universe are highly attributed to random innovation shocks in their own series. Alternatively, in Eastern Europe, a large percentage of forecast errors are explained by shocks in stock prices and vice versa. However, in Asia, Latin America, and the overall emerging market universe, shocks to hedge fund prices account highly for stock price variation. Notes: Based on monthly continuously compounded total returns for 100 observations. *** , ** , and * denote significance at the 1%, 5%, and 10% levels, respectively (rejection of the normal distribution and of no autocorrelation in the returns, respectively). *** , ** , and * denote significance at the 1%, 5%, and 10% levels (unit root is the null hypothesis) on the basis of the critical values given by MacKinnon (1996) . Lag length is the order of the augmentation needed to eliminate any autocorrelation in the residuals of the ADF regression. The lag orders in the ADF equations for each time series are determined by the significance of the coefficient for the lagged terms and are given in parentheses. Notes: The cointegration model is based on a VAR in first differences with three lags (Asia), no lag (Latin America), six lags (Eastern Europe), and one lag (emerging markets), all selected by the Akaike information criterion (AIC) and the final prediction error (FPE); ** and * denote that the null hypothesis of no cointegration can be rejected at the 1% and 5% significance levels, respectively. The λ-trace and λ-max statistics are computed under the assumption of no deterministic trend, but with a constant in the cointegrating vector; critical values for the Johansen test are from *** , ** , and * indicate that the null hypothesis (no entering into and no adjustment to the cointegrating vector(s)) can be rejected at the 1%, 5%, and 10% significance levels, respectively. Notes: All variables except for the lagged error correction terms (ECT t-1 ) are in first difference denoted by ∆. The ECT is received from the first cointegrating vector (i.e., the highest eigenvalue) of the Johansen cointegration test, which is normalized on the hedge fund index. The LM test was used to check the residuals of the VEC models for autocorrelation. The residuals show no evidence of autocorrelation at lag 12 for all equations. The lag orders of the VECM have a constant corresponding to the earlier cointegration models, except for Latin America, where one lag is included to allow for short-term influences. The reported statistic is the block exogeneity Wald-type causality test from the estimated VECM. Block exogeneity refers to the exclusion of all the endogenous variables from the VECM other than the lags of the dependent variable. The figures in the final column are the t-statistics testing the null hypothesis that the lagged ECT is statistically insignificant for each equation.
*** Emerging Markets
